Updated distribution and biogeography of amphibians and reptiles of Europe by Sillero, Neftalí & Toxopeus, Albertus G.
Amphibia-Reptilia 35 (2014): 1-31
Updated distribution and biogeography of amphibians and
reptiles of Europe
Neftali Sillero1,∗, João Campos1, Anna Bonardi2, Claudia Corti3, Raymond Creemers4,
Pierre-Andre Crochet5, Jelka Crnobrnja Isailovic´6,7, Mathieu Denoël8, Gentile Francesco Ficetola2,
João Gonçalves9, Sergei Kuzmin10, Petros Lymberakis11, Philip de Pous12,13, Ariel Rodríguez14,
Roberto Sindaco15, Jeroen Speybroeck16, Bert Toxopeus17, David R. Vieites18,19, Miguel Vences14
Abstract. A precise knowledge of the spatial distribution of taxa is essential for decision-making processes in land
management and biodiversity conservation, both for present and under future global change scenarios. This is a key base
for several scientific disciplines (e.g. macro-ecology, biogeography, evolutionary biology, spatial planning, or environmental
impact assessment) that rely on species distribution maps. An atlas summarizing the distribution of European amphibians
and reptiles with 50 × 50 km resolution maps based on ca. 85 000 grid records was published by the Societas Europaea
Herpetologica (SEH) in 1997. Since then, more detailed species distribution maps covering large parts of Europe became
available, while taxonomic progress has led to a plethora of taxonomic changes including new species descriptions. To
account for these progresses, we compiled information from different data sources: published in books and websites, ongoing
national atlases, personal data kindly provided to the SEH, the 1997 European Atlas, and the Global Biodiversity Information
Facility (GBIF). Databases were homogenised, deleting all information except species names and coordinates, projected to
the same coordinate system (WGS84) and transformed into a 50 × 50 km grid. The newly compiled database comprises more
than 384 000 grid and locality records distributed across 40 countries. We calculated species richness maps as well as maps of
Corrected Weighted Endemism and defined species distribution types (i.e. groups of species with similar distribution patterns)
by hierarchical cluster analysis using Jaccard’s index as association measure. Our analysis serves as a preliminary step towards
an interactive, dynamic and online distributed database system (NA2RE system) of the current spatial distribution of European
amphibians and reptiles. The NA2RE system will serve as well to monitor potential temporal changes in their distributions.
Grid maps of all species are made available along with this paper as a tool for decision-making and conservation-related
studies and actions. We also identify taxonomic and geographic gaps of knowledge that need to be filled, and we highlight
the need to add temporal and altitudinal data for all records, to allow tracking potential species distribution changes as well
as detailed modelling of the impacts of land use and climate change on European amphibians and reptiles.
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list, species richness.
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Introduction
A good knowledge on the geographical dis-
tribution of organisms is pivotal for macro-
ecological and evolutionary studies, as well as
to inform policy makers in decisions on land
management, health, climate change and biodi-
versity conservation (Jetz, McPherson and Gu-
ralnick, 2011). The availability of reliable maps
that depict the historical and current distri-
bution of species therefore constitutes an im-
portant component in conservation-related re-
search. Data on their extent of occurrence are
crucial for assigning IUCN threat categories to
species (IUCN, 2001). This has for instance
been a strategy in the Global Amphibian As-
sessment (Stuart et al., 2004) which provided
the first comprehensive estimate of threat cat-
egories and distribution ranges of amphibians
worldwide, a taxon that constitutes an impor-
tant model group in conservation biology (e.g.
Hopkins, 2007). Furthermore, many amphibian
species and at least some groups of reptiles are
undergoing severe global declines (Wake and
Vredenburgh, 2008; Sinervo et al., 2010; Böhm
et al., 2013), making their conservation a prime
challenge and gathering data on their current
distribution a top research priority.
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In European herpetology, shortly after the
Societas Europaea Herpetologica (SEH) was
established in 1979, it became evident that a
comprehensive assessment of the distribution
of all European amphibians and reptiles should
receive priority, as basic maps where lack-
ing. A mapping committee of the SEH was
established in 1983, coordinated by a team
based at the Muséum National d’Histoire Na-
turelle in Paris. From the work of regional
and national coordinators, more than 85 000
grid records were collected and shown in maps
of 50 × 50 km resolution produced by the
Service du Patrimoine Naturel (Paris, France).
This resulted in a distribution atlas published
in 1997 (Gasc et al., 1997). This work, which
in the following will for brevity be referred
to as ‘the 1997 European Atlas’, has subse-
quently provided the basis for numerous stud-
ies, such as several conservation-oriented mod-
elling approaches (e.g. Araújo and Pearson,
2005; Araújo et al., 2005; Araújo, Thuiller and
Pearson, 2006; Araújo et al., 2008).
After the publication of the 1997 Euro-
pean Atlas, there has been a high intensity of
mapping efforts and related research in Eu-
rope. Numerous regional and national soci-
eties have since then produced detailed am-
phibian and reptile distributional information
covering large parts of Europe, more detailed
and reliable than the 1997 European Atlas.
Many of these were published in the form of
regional or national atlases (e.g. Bitz et al.,
1996; Günther, 1996; Pleguezuelos, 1997; Ca-
bela, Grillitsch and Tiedemann, 2001; Hofer,
Monney and Dušej, 2001; Pleguezuelos, Lizana
and Márquez, 2002; Głowacin´ski and Rafin´ski,
2003; Puky, Schad and Szövenyi, 2006; Sin-
daco et al., 2006; Jacob et al., 2007; Lanza et
al., 2007; Laufer, Klemens and Sowig, 2007;
Proess, 2007; Creemers and van Delft, 2009;
Corti et al., 2010; Loureiro et al., 2010). Some
of them (e.g. UK, Netherlands, Wallonia, Flan-
ders, Switzerland) were published also through
publicly available internet resources. Others,
like the atlas of Sweden, were published exclu-
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sively on the internet. This wealth of novel data
claims for an update of the herpetofaunal distri-
bution data also at the European level, to quan-
tify Europe-wide the improvement in knowl-
edge since the previous Atlas, as well as a first
step towards tracking potential changes in the
distribution of the European herpetofauna in the
context of global change.
Novel technologies for mapping species dis-
tributions currently available, such as newly de-
veloped Geographic Information Systems (Lon-
gley et al., 2010) and their extensions, offer the
possibility of establishing extensive databases
of distribution records, with associated meta-
data such as voucher specimen lists or photos.
Citizen-science online tools allow contributors
entering their observations, and directly link
them to analysis tools such as spatial modelling
or the production of customised maps. The cur-
rent Mapping Committee of the SEH (estab-
lished in 2006), together with the SEH Council
and some associated fellows, has acknowledged
that distribution atlases should be conceived as
dynamic tools, implemented in a way that al-
lows for continuous updates, extension changes,
and customised data extraction while respect-
ing the copyright that particular organisations or
individuals might hold on parts of the underly-
ing data. The goal is to establish a Spatial Data
Infrastructure, a system of geographically dis-
tributed systems, where the original data remain
on the servers controlled by national or regional
herpetological societies, and through an online
network it is possible to make data queries via
the SEH portal (Sillero et al., 2014; see http://
na2re.ismai.pt). For countries that do not have
national databases, the SEH works on establish-
ing a connected database linked to an internet
portal for data collection.
A dynamic online atlas of European amphib-
ians and reptiles based on an underlying dis-
tributed database of distribution records repre-
sents a major logistic challenge and is time-
consuming. However, considering the current
conservation crisis faced by many European
amphibians and reptiles (Cox, Chanson and Stu-
art, 2006), it is an urgent task to make updated
distributional information on these organisms
available. The species distribution maps of the
1997 European Atlas (Gasc et al., 1997) have
never been made available in GIS format. How-
ever useful and original at the time, they are now
outdated due to the considerable accumulation
of new distribution data, and especially because
of the taxonomic progress that resulted in mul-
tiple changes of genus-level classification, and a
large number of new species descriptions (Spey-
broeck, Beukema and Crochet, 2010; Vences
et al., 2013). This new taxonomy resulted in
many species being split into multiple entities
for which the exact distribution limits are poorly
known.
The goal of the present study is to provoke
and facilitate filling of these gaps by making
updated distribution maps for the European her-
petofauna available. For this purpose, we have
compiled information from a large number of
published and partly unpublished mapping ef-
forts at a variety of spatial scales and trans-
formed those data into a 50 × 50 km UTM
grid, similar to the one used for the 1997 Eu-
ropean Atlas. Based on this new compilation
of maps, all of which are made available (see
online Supplementary Atlas S1-S5 online), we
here (1) identify the major spatial and taxo-
nomic gaps in the currently available knowledge
in order to identify future research priorities,
and (2) analyse patterns of species richness, en-
demism and main distribution types (i.e. groups
of species with similar distribution patterns) for
European amphibians and reptiles.
Materials and methods
Study area
This compilation included almost the same area as the 1997
European Atlas (Gasc et al., 1997). We used the limits for
Europe (see Supplementary fig. S1 online) provided by Geo-
commons (http://geocommons.com/overlays/76975). The
geographical limits of the previous SEH 1997 European at-
las were those defined by Mertens and Wermuth (1960),
covering parts or the whole of 45 countries. Partial territo-
ries included were: north-western tip of Turkey (European
Turkey), territories in the Russian Federation west of the
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Urals, north-eastern tip of Azerbaijan, north-western tip of
Kazakhstan, Greece minus the Sporades Islands. However,
the Geocommons limits do not include parts of Azerbaijan
and Kazakhstan, while the Ural limits are defined more pre-
cisely. These limits for Europe are widely accepted by many
geographical atlases (e.g. Cheers, 2005).
Taxa
For historical consistency and to facilitate reading, in this
paper we use the traditional term ‘reptiles’ for the para-
phyletic group including the vertebrate orders Squamata,
Testudines, Crocodylia, and Rhynchocephalia, i.e. Saurop-
sida excluding birds (of which only Squamata and Tes-
tudines are represented in Europe’s extant fauna). The
species-level taxa considered in this compilation were de-
termined by the SEH, using Speybroeck, Beukema and Cro-
chet (2010) as starting point (see Supplementary Text S1 on-
line). In numerous cases, although the species status of two
or more related taxa is undisputed, we were unable to assign
all available records to a species. This was either because the
original databases had been compiled following an outdated
taxonomy, or because many records could not be identified
up to species level in the field (such as for instance, Tritu-
rus marmoratus and T. pygmaeus in the Iberian Peninsula).
In these cases, we merged the respective species into a sin-
gle entry in our database, which therefore in several cases
represents a simplification of current taxonomy.
The sampling effort was obviously not homogeneous
across the whole study area. Some countries have a very
good knowledge on the ranges of their species while others
have large gaps of chorological information. Although the
present compilation is represented at a rather coarse scale
(50 × 50 km grid), gaps in the species distributions are still
observable. Similarly, not all national and regional data sets
are fully consistent in their treatment of marine and intro-
duced species. Where available, our compilation includes
terrestrial as well as marine taxa (i.e. marine turtles). Be-
sides native species and populations, a number of national
data sets also included introductions, i.e. introduced species
from outside Europe as well as introduced populations of
European species occurring outside their natural range. In
this case our compilation is not fully consistent. For ma-
rine turtles, some countries included records on sightings
(on coast and ocean) and reproduction places (i.e. Portu-
gal and Spain), while other countries only included repro-
duction places (i.e. Italy and Balkan countries). In general,
we did not include single records of escaped exotic species
where there was no indication of naturalised populations.
For non exotics, we considered as introduced those cases
where the origin of the introduction is well known and can
be traced back into recent history, such as the populations of
Discoglossus pictus in southern France and in Spain (Cat-
alonia), but not those cases where ancient introductions are
suspected (e.g. various species on Mediterranean islands).
In this sense, much of the actual herpetofaunal composition
in the Mediterranean is probably related to or at least influ-
enced by human activities (Corti et al., 1999).
Database compilation
Our goal in compiling updated distribution maps for the Eu-
ropean fauna was to cover as many European countries as
possible with national atlas data or new personal records.
The species data included in these updated maps were ob-
tained from different data sources, namely (1) published (in
books or websites) or on-going national atlases, (2) per-
sonal data kindly provided to the SEH, (3) the 1997 Euro-
pean Atlas, and (4) the Global Information Facility (GBIF:
www.gbif.org). Because the GBIF data originate from many
different data sources and contain numerous errors and
discrepancies, we tried to minimise their use as explained
below. However, a few of the national atlas data were di-
rectly available only from GBIF (e.g. Denmark and Nor-
way) and in these cases, the data were labelled as National
Atlas Data rather than as GBIF data. Some countries pro-
vided databases used in already published atlases (whole
database with temporal data series: e.g. Spain and Portu-
gal; simplified database: e.g. The Netherlands) or before
publishing as an atlas (e.g. Slovenia and France). For other
countries, we digitised the data from published books (e.g.
Hungary). We also included large unpublished databases for
several countries compiled by some co-authors of this study
(e.g. S.L. Kuzmin, P. de Pous). In the case of territories of
former Yugoslavia, J. Crnobrnja Isailovic´ and collaborators
provided some of the original data used in the 1997 Eu-
ropean Atlas. National atlases and personal databases were
subsequently merged in one database, which in the follow-
ing will be referred to as COUNTRIES. A second database,
hereafter named SEH/GBIF database, contained the data of
the 1997 European Atlas and GBIF, but only for those coun-
tries for which no national atlas data were available. For
the final compilation, the same exclusion strategy was also
employed at the level of single UTM squares. Whenever a
record from the COUNTRIES database was available for a
UTM grid (only in personal databases: e.g. S.L. Kuzmin’s
personal database) we used that one rather than the dupli-
cate record from the SEH/GBIF database. This process was
performed using spatial queries in ArcGIS 9.3.
Many original databases contained erroneous records.
The databases were therefore reviewed and validated by
members of the SEH Council and its Mapping Committee
in various rounds. Erroneous records were excluded from
the two main databases (COUNTRIES and SEH/GBIF) and
stored in a different file. During this revision of the point
locality data in the COUNTRIES and SEH/GBIF database,
we furthermore flagged introduced species and species loca-
tions, and these were transferred to a third database hereafter
called INTRODUCED. As such, we never deleted a record:
keeping all erroneous records rather than simply deleting
them allowed tracking validation errors and makes our de-
cisions verifiable. Introduction records were defined using
our current knowledge, which is not homogeneous, thus bias
may be present for some species and regions.
The three databases were composed by point records.
The numerous data (table 1; 30 databases) have been re-
ceived in multiple digital formats, with disparate informa-
tion and in different spatial resolutions (ranging from point
centroids of 50 × 50 km UTM grid cells to very precise
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Table 1. List of databases used in this atlas compilation. Resolution, records, and sources refer to data obtained and used for
the compilation of the European atlas. References to published atlases are mentioned. Some of these databases included more
than one country (e.g. S.L. Kuzmin). See table 2 for number of records per country.
Resolution Records Sources Published atlases
NATIONAL DATABASES
Austria 5 × 5 km 14 136 digitised from Atlas Cabela, Grillitsch and
Tiedemann, 2001
Bosnia and Herzegovina 10 × 10 km 152 provided by D. Dobrnjic´ and
E. Tanovic´
Brussels 10 × 10 km 59 provided by Natagora Weiserbs and Jacob, 2005
Bulgaria 10 × 10 km 3170 digitised from website http://www.oocities.org/
herpetology_bg/
Estonia 10 × 10 km 2872 provided by Riinu Rannap
Flanders 5 × 5 km 38 945 provided by Natuurpunt-Hyla Bauwens and Claus, 1996
France 50 × 50 km 11 071 provided by Service du
Patrimoine Naturel (Muséum
National d’Histoire Naturelle)
Lescure and De Massary,
2012
Germany 10 × 10 km 31 065 digitised from Atlas Günther, 1996
Greece exact coordinates 9893 provided by P. Lymberakis Valakos et al., 2008
Hungary 10 × 10 km 13 582 digitised from Atlas Puky, Schad and
Szövenyi, 2006
Italy 50 × 50 km 4292 provided by SHI (Societas
Herpetologica Italica) data
through R. Sindaco
Sindaco et al., 2006




Malta 50 × 50 km 37 compiled by Claudia Corti
Poland 10 × 10 km 15 502 digitised from Atlas Głowacin´ski and Rafin´ski,
2003
Portugal 10 × 10 km 17 431 provided by A. Loureiro Loureiro et al., 2010
Romania exact coordinates 5454 provided by D. Coga˘lniceanu Coga˘lniceanu et al.,
2013a, 2013b
Slovenia 10 × 10 km 3414 provided by Societas Slovenica
Herpetologica





Sweden exact coordinates 30 778 obtained from GBIF
Switzerland 10 × 10 km 5705 provided by Koordinationsstelle
für Amphibien- und
Reptilienschutz in der Schweiz
(KARCH)
Meyer et al., 2009
The Netherlands 10 × 10 km 8061 provided by RAVON Creemers and van Delft,
2009
UK + Ireland 10 × 10 km 20 289 digitised from Atlas Arnold, 2005
Ukraine 10 × 10 km 1162 digitised from Atlas Kypnjehko and Bepbec,
1999






50 × 50 km 1128
P. de Pous Several 10 405
D. Jablonski 50 × 50 km 685
S.L. Kuzmin 1′ 17 865 Kuzmin, 2013
6 N. Sillero et al.
Table 1. (Continued.)
Resolution Records Sources Published atlases
CONTINENTAL DATABASES
Europe 50 × 50 km 12 155 SEH Gasc et al., 1997
GBIF Several 18 772 GBIF
TOTAL 384 609
GPS point locality records). Therefore, the databases were
homogenised, deleting all other information except species
names, coordinates, and data source, and projected to the
same coordinate system (WGS84).
Map production
As an atlas is usually the representation of the species’
distributions by uniform units (Sillero, Celaya and Martín-
Alfageme, 2005; Loureiro and Sillero, 2010), record points
were transformed into a grid. We used the official UTM
grid of 50 × 50 km, that it is freely available from the Eu-
ropean Environment Agency (http://www.eea.europa.eu/).
This grid is based on the one used for the European Atlas of
Flora, the first biological distribution atlas for Europe (Jalas
and Suonuinen, 1972). It includes 4524 land squares. There-
fore, each point database (COUNTRIES, SEH/GBIF, and
INTRODUCED) was transformed to a grid file, by spatially
overlapping with the 50 × 50 km UTM grid. This transfor-
mation from the point databases (e.g. GPS points, as well
as centroids of grids of 1 × 1 km, 4 × 4 km, 5 × 5 km,
10 × 10 km, and 50 × 50 km squares) to a grid database
was performed by a set of GIS scripts for ArcGIS 9.3 (see
Supplementary table S1 online) in which for each species,
each grid was assigned 0 for absence or 1 for presence.
The species maps (see example in fig. 1; all maps are
provided online in Supplementary Atlases S1 and S2, and
the corresponding GIS files in Supplementary Atlases S3
and S4; species codes are provided in Supplementary At-
las S5) were created automatically by overlapping the three
grid files (COUNTRIES, SEH/GBIF, and INTRODUCED),
using a script written in the R language (R 2.15, R Develop-
ment Core Team, 2012). The script (included online in Sup-
plementary Text S2) looked sequentially for each species
in the three grids, representing them with different colours.
The resulting maps were exported to images in .jpg format.
Species richness maps for amphibians and reptiles were cal-
culated by the sum of all species present in each grid cell.
We then compared species richness maps with those based
entirely on the original data of the 1997 European Atlas, and
for each grid cell we subtracted the old from the new number
of species occurring therein. The resulting value was subse-
quently represented on the same grid to indicate areas of
increased vs. decreased quantity of recorded species. For a
better cartographical representation, all maps are shown in
the Albers Conical projection for Europe. This projection
(EPSG code: 9822; http://spatialreference.org/ref/sr-org/44/
html/) reduces cartographical distortions of Europe, by a
better adjustment to the central meridian (Greenwich) and
both standard parallels.
Biogeographical analyses
The coarse 50 × 50 km occurrence data were not suitable
for sophisticated analyses (e.g. calculation of ecological
niche models; Sillero, 2011), and these were not the main
goal of this compilation. We therefore did not apply any
methods based on environmental niche modelling which at
this level had already been carried out by Araújo, Thuiller
and Pearson (2006) and Araújo et al. (2008). Instead, we
used a number of descriptive statistics to visualise general
biogeographic patterns. Besides calculating species rich-
ness, we also used clustering analysis to define chorotypes
and applied a measure of regional endemism. Chorotypes
were defined by Baroni-Urbani, Ruffo and Vigna Taglianti
(1978) as clusters of species with statistically similar distri-
butions for a specific area. However, Vigna-Taglianti et al.
(1999) stated that to define chorotypes the whole species’
distribution should be used. In fact, Vigna-Taglianti et al.
(1999) proposed a standard classification of chorotypes us-
ing several groups of animals (e.g. beetles, amphibians, and
reptiles). Nevertheless, the term chorotypes has been widely
used when applied to the herpetofauna of certain regions
(e.g. Corti et al., 1991, 1997; Olivero, Real and Márquez,
2011; Sillero et al., 2009, and reference therein). Our in-
tention here was not to establish a standard classification of
biogeographical regions for the European amphibians and
reptiles, but to classify species by their distribution simi-
larity using the current available knowledge. Notwithstand-
ing this, and for avoiding misunderstandings, we will use
the term distribution type instead of chorotype, proposed by
Baroni-Urbani and Collinwood (1976) and Baroni-Urbani
and Collinwood (1977). In these two works, distribution
types were calculated using incomplete species’ distribu-
tions.
Identification of the main distribution types of amphib-
ians and reptiles in Europe was carried out following Sillero
et al. (2009). The merged species distribution files (COUN-
TRIES and SEH/GBIF) were transformed into two separate
data matrices for amphibians and reptiles, respectively (.csv
format) and analysed using the R 2.15 software (R Devel-
opment Core Team, 2012). Distribution types were deter-
mined by a Hierarchical Cluster Analysis using Jaccard’s bi-
nary index and UPGMA as clustering method (Sillero et al.,
2009), which is a measure of similarities among species dis-
tributions. This analysis was performed using the function
“vegdist” of the R package “vegan” (Oksanen et al., 2012),
which computes the Jaccard’s index as 2B = (1 + B),
where B represents Bray-Curtis dissimilarity. The Bray-
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Figure 1. Example of species distribution map (Ichthyosaura alpestris) showing, in different colours, records corresponding
to the COUNTRIES (red), SEH/GBIF (green) and INTRODUCED (purple) databases used in this study. Brown colours
represent higher elevations. We used the official UTM grid of 50 × 50 km from the European Environmental Agency
(www.eea.europa.eu/). COUNTRIES database included data from published or on-going national atlases, and from personal
data kindly provided to the SEH. SEH/GBIF included data from the 1997 European Atlas and the Global Information Facility
(GBIF: www.gbif.org). We only included data from SEH/GBIF when data from COUNTRIES database were not available.
Datasets for introduced species were not available in all countries.
Curtis dissimilarity is calculated as (a + b − 2j)/(a + b),
where a and b are the numbers of species on compared
squares, and j is the number of species in both squares com-
pared. The Jaccard’s index is 1 when species composition is
identical between squares and 0 when two squares have no
species in common. According to the values of Jaccard’s in-
dex, the species were clustered into a dissimilarity tree, and
the branches with a minimum of at least three species and
splitting off the basal polytomy of this tree were defined as
the main distribution types.
Using occurrence data of amphibians and reptiles, we
separately calculated for the two groups the Corrected
Weighted Endemism index (CWE) (Crisp et al., 2001). For
calculating this index, the species are weighted by the in-
verse of their cell ranges so that species with narrow ranges
are assigned relatively high weights, while species with
broader ranges are assigned progressively lower weights
(Laffan and Crisp, 2003). The sum of the weighted values
for a given cell (weighted endemism) is then divided by
the number of species occurring in the cell. This correction
for the cell species richness ensures that CWE values high-
light areas with a high proportion of endemic species but not
necessarily high in richness (Crisp et al., 2001; Laffan and
Crisp, 2003; Laffan, Ramp and Roger, 2012). We calculated
CWE using the “endemicity tools” extension for ArcView
3.2 (Danho, 2003), and performed computations at the cell
level (radius = 1), excluding empty grid cells from analysis.
Single cell calculations provide the maximum resolution for
the analysis at the expense of artefacts occurring in poorly
sampled cells (Laffan and Crisp, 2003). We assumed that
herpetological explorations in Europe have been intensive
enough to allow calculations at single-cell level (see below
for a discussion of this assumption; see also Ficetola et al.,
2013).
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Results and discussion
Database compilation
The COUNTRIES database includes a total of
364 814 records; the SEH/GBIF database in-
cludes 15 485 records; and the INTRODUCED
database includes 4310 records. Our compila-
tion thus totals 384 609 entries from 28 national
and personal databases, plus the original SEH
and GBIF databases (table 1). The Spanish Her-
petological Society provided the largest amount
of records (68 618; updated until 2005; table 2).
Other countries, like Portugal and Luxembourg
also provided their entire database, with data
about locality, author, and date. Records with a
high spatial resolution (table 1) were also avail-
able for instance in Flanders (5 × 5 km), Wal-
lonia (4 × 4 km), and Portugal (GPS points).
Table 1 details the characteristics of the dif-
ferent databases that were used in this study.
The final number of records per species repre-
sented in the 50 × 50 km grids (total: 48 440
occurrence records at the 50 × 50 km grid
level) is lower than in the sum of the three
databases (COUNTRIES, SEH/GBIF, INTRO-
DUCED) due to record duplications caused by
the reduction in the spatial resolution of the
UTM squares (e.g. from GPS points in the Por-
tuguese database to the final 50 × 50 km UTM
square).
Overall, 218 taxa were mapped (73 species
of amphibians and 145 of reptiles; table 3), in-
cluding 13 amphibian and 18 reptile species that
were not represented in the 1997 European At-
las (Gasc et al., 1997). However, as the study
area is slightly different, 18 species from the
eastern edges of the area covered by the 1997
European Atlas were not mapped in our compi-
lation (see Study Area section). Therefore, and
considering also taxonomical changes, our com-
pilation includes 31 newly mapped species (ta-
ble 3). We merged 46 taxa with others in the
same species-level map (usually not more than
2-3 species per map) when their taxonomic sta-
tus and/or their precise distribution boundaries
were insufficiently known to warrant plotting
Table 2. Point records per country from the three main
databases (COUNTRIES, SEH/GBIF, and INTRODUCED)
of this compilation, for amphibians and reptiles, and for
both groups together. See table 1 for number of records per
national and personal databases.
Country Amphibians Reptiles Amphibians
and reptiles
Albania 163 852 1015
Andorra 12 23 35
Austria 8365 5872 14 237
Belgium∗ 40 413 4251 44 664
Bosnia and 177 312 489
Herzegovina
Bulgaria 1108 2565 3673
Belarus 1258 195 1453
Croatia 471 1924 2395
Czech Republic 648 436 1084
Denmark 3695 1452 5147
Estonia 2525 480 3005
Finland 1845 2264 4109
F.Y.R. of Macedonia 74 201 275
France 6865 5881 12 746
Georgia 742 18 760
Germany 24 380 11 116 35 496
Greece 1430 11 367 12 797
Hungary 8227 3738 11 965
Ireland 459 530 989
Italy 1583 2736 4319
Latvia 368 63 431
Liechtenstein 8 5 13
Lithuania 432 90 522
Luxembourg 9539 1054 10 593
Malta 8 32 40
Moldova 356 72 428
Montenegro 94 228 322
Netherlands 6249 2012 8261
Norway 6958 3359 10 317
Poland 11 264 4127 15 391
Portugal 8054 9101 17 155
Romania 3084 4470 7554
Russia 14 315 2695 17 010
Serbia 493 721 1214
Slovakia 1694 641 2335
Slovenia 1522 1489 3011
Spain 27 797 41 059 68 856
Sweden 26 562 4253 30 815
Switzerland 3015 2464 5479
Ukraine 4031 881 4912
United Kingdom 10 880 8417 19 297
TOTAL 241 163 143 446 384 609
∗ Belgium data was composed by three different databases:
Flanders, Wallonia, and Brussels.
them on separate maps (see section on taxo-
nomic gaps of knowledge below and table 3).
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Nine species (six amphibians and three rep-
tiles) represented more than 10 000 records
in the whole compiled point databases, cor-
responding in almost all cases to the most
widespread species in Europe. From lesser
(11 696) to larger (31 638), these were: Zootoca
vivipara, Anguis sp., Ichthyosaura alpestris,
Natrix natrix, Triturus cristatus complex, Pelo-
phylax kl. esculentus/lessonae, Lissotriton vul-
garis, Rana temporaria, and Bufo bufo. In the
opposite extreme, there were 41 species (13
amphibians and 28 reptiles) with less than
10 records. These species corresponded to en-
demisms of mainland Europe (e.g. Iberolacerta
aranica) and of the Mediterranean islands (e.g.
Podarcis filfolensis). However, and particularly
for the most widespread taxa, the higher num-
ber of records also correspond to species present
in distribution atlases with a high resolution,
i.e. a high number of records. In relation with
the whole database in grid format (table 3), 16
species included more than 1000 records (i.e.
present in more than 1000 grid cells), three
of them with more than 2000 (i.e., Natrix na-
trix, Rana temporaria, Bufo bufo). All these,
again, were species widespread in Europe. On
the other hand, 59 species were present in less
than 10 cells, many of them endemisms (e.g.
Podarcis levendis), but others were marginal
species with their main distribution range out-
side the study area (e.g. Eirenis modestus).
The increment in distribution knowledge was
considerable (4224 new grid records, 19.6%).
Although the taxa entities are not completely
congruent, 44 (8.3%) taxa presented less records
than in the 1997 European Atlas; 17 (7.8%) the
same number; and 152 (69.7%) more records
(table 3). The extremes are Pelophylax kl. escu-
lentus/lessonae with a loss of 463 records, and
Rana temporaria with a gain of 563 records.
The reasons for the changes in the number of
grid cells per species are manifold. Increases are
usually due to an improved mapping intensity
and coverage, whereas decreases are often ex-
plained by changes in taxonomy such as split-
ting of previously widespread species into dif-
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ferent species, or redefinitions of taxa with cor-
responding reduction of their actual ranges, but
also because of the low number of recent data
for some countries devoid of distribution atlas
programs (see table 1).
Patterns of species richness were different
in amphibians and reptiles as we will fur-
ther explore in the biogeography section be-
low. Species richness of amphibians was high-
est in Western-Central Europe, while for rep-
tiles the southern peninsulas had the highest
concentration of species, in particular Greece
(fig. 2), which is in general agreement with anal-
yses based on the 1997 European Atlas (Araújo,
Thuiller and Pearson, 2006; Araújo et al., 2008)
and the Global Amphibian Assessment (e.g.
Anthony et al., 2008; Baha el Din et al., 2008).
Several countries such as Albania, Bosnia and
Herzegovina, Latvia, Lithuania, Ireland, F.Y.R.
of Macedonia, Moldova, Montenegro and Ser-
bia presented low levels of species richness,
mainly due to insufficient coverage, impossibil-
ity of digitising chorological information pub-
lished in journals, or because database chairs
decided not to collaborate in our compilation.
No atlases or articles with chorological data are
currently available for some of these countries,
as far as we know. Calculating species richness
for endemic European species only (i.e. exclud-
ing all species which have ranges extending out-
side the study area) leads to a strong shift of
species richness towards Western Europe, re-
flecting that the Balkan Peninsula holds many
species with ranges extending into the Middle
East and Caucasus, and Central Europe holds
many widespread species with ranges extend-
ing east of the Ural Mountains (fig. 3). Simi-
larly, the Caucasus region was not identified as
an area of endemism because most of the nu-
merous species endemic to the Caucasus Moun-
tains are distributed on the southern slopes as
well, i.e. outside Europe as we defined it.
The species richness of European threat-
ened amphibians, following the IUCN cat-
egories Vulnerable (VU), Endangered (EN),
and Critically Endangered (CR), presented a
very patchy distribution (fig. 4): north-western
Iberian Peninsula, Po lowland, Sardinia, and
western Greek coast were the areas with a
higher number of threatened amphibians. On
the other hand, threatened reptiles were
widespread, especially in the Iberian and Italian
peninsulas as well as in Central Europe. These
different patterns are due to the species com-
position: threatened amphibians were mostly
composed by localised endemics (e.g. Alytes
muletensis) while threatened reptiles included
some widespread species (e.g. Emys orbic-
ularis). However, the European herpetofauna
might have a higher level of conservation threat
than currently recognised (Denoël, 2012). Fu-
ture evaluations such as those provided through
herpetological atlases could thus shed light on
wider patterns of vulnerability (see e.g. Denoël,
2012).
Biogeographical analysis
The analysis of corrected weighted endemism
(CWE) highlighted the importance of Mediter-
ranean islands as centres of endemism for both
amphibians and reptiles (fig. 5). For amphib-
ians, highest CWE values were found in Sar-
dinia and Corsica, Mallorca, Sicily, and south-
ern Aegean islands. In addition, some grid cells
on the Balkans and the Western Caucasus stand
out with high local endemism values. Reptiles
showed an overall similar pattern, but some ar-
eas such as Corsica, Sicily and the southern
Aegean presented lower CWE values while ad-
ditional areas of endemism were identified on
smaller Mediterranean islands such as Malta, as
well as certain areas in Spain (corresponding to
the microendemic Iberolacerta species) and the
Balkans.
However, these CWE calculations were some-
what biased due to our definition of the study
area. Because the CWE calculation took the full
range size of a species into account, and the
full range sizes of some species (104) were not
included in the study area (and thus not com-
plete in the compilation database used for anal-
ysis, especially regarding species distributed in
18 N. Sillero et al.
Figure 2. Maps of Europe showing species richness separately for amphibians and reptiles, based on species distribution
maps of all non-introduced species occurring in the study area.
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Figure 3. Maps of Europe showing species richness based on species distribution maps of European endemic amphibians
and reptiles (i.e. including only species whose range does not extend beyond the study area).
20 N. Sillero et al.
Figure 4. Maps of Europe showing species richness based on species distribution maps of European threatened amphibians
and reptiles, including the IUCN categories Vulnerable, Endangered, and Critically Endangered.
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Figure 5. Maps of Europe showing Corrected Weighted Endemism (CWE) based on species distribution maps of European
endemic amphibians and reptiles.
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the Balkan Peninsula or widespread in Central
Europe), it is possible that CWE values in the
eastern part of Europe were slightly inflated.
In other words, many species occur in just a
small part of the study area and thus appear
to be range-restricted and micro-endemic, while
in fact they have wide ranges extending further
east outside our study area. This phenomenon is
inversely analogous to the species richness pat-
terns of endemic European amphibians, where
the same artefacts lead to inflated species rich-
ness values in Western Europe. These prob-
lems call for caution in interpreting the biogeo-
graphic analysis of our data, but do not invali-
date the observed general patterns. Furthermore,
from the point of view of conservation priori-
ties, the observed patterns of Europe-endemic
species richness are highly relevant since they
highlight the importance of specific areas (es-
pecially the Mediterranean islands), where the
survival of a large number of European en-
demics fully depends on European conservation
efforts.
Nine and 13 main distribution types were
identified for amphibians (named CA1-CA9;
table 4 and online Supplementary fig. S2)
and reptiles respectively (named CR1-CR13;
table 5 and online Supplementary fig. S3).
Many species that formed clusters of only one
member, corresponding mainly to regional en-
demics, were not assigned to a distribution
type number and are not further considered
here. In the following, we will briefly charac-
terise distribution types and mention one rep-
resentative species for each. Amphibian distri-
bution types can be characterised as follows
(table 4 and online Supplementary fig. S2):
CA1, species distributed in the Iberian Penin-
sula and western France (e.g. Hyla meridio-
nalis); CA2, western European species (e.g.
Alytes obstetricans); CA3, species widespread
in Europe (e.g. Bufo bufo); CA4, Pyrenaean
species (e.g. Calotriton asper); CA5 and CA6,
species distributed in Corsica, Sardinia, and the
southern Mediterranean coast (e.g. Euproctus
platycephalus, CA5; and Discoglossus sardus,
CA6); CA7, species from the Italian Penin-
Table 4. Amphibian species grouped by main distribution types. See the dendrogram in online Supplementary fig. S1.
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Table 5. Reptile species grouped by main distribution types. See dendrogram in online Supplementary fig. S2. Distribution





















































































































sula (e.g. Hyla intermedia); CA8, Caucasian
species (e.g. Pelodytes caucasicus); and CA9,
alpine and dinaric species (e.g. Salamandra
atra). In the case of reptiles (table 5 and on-
line Supplementary fig. S3): CR1, species dis-
tributed along the Italian and Balkan Penin-
sulas as well as south-eastern Europe (e.g.
Natrix tessellata); CR2 grouped species dis-
tributed along the western-southern Mediter-
ranean countries (e.g. Malpolon monspessu-
lanus); CR3, Corsican and Sardinian species
(e.g. Archaeolacerta bedriagae); CR4, species
from the Balkan Peninsula and Eastern Eu-
rope (e.g. Malpolon insignitus); CR5, species
from the eastern Adriatic coast (e.g. Podarcis
melisellensis); CR6, widespread in all of Eu-
rope (e.g. Anguis sp.); CR7, western-central Eu-
ropean species (e.g. Vipera aspis); CR8, CR9,
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and CR10, Caucasian species (e.g. Darevskia
caucasica, CR8; Vipera kaznakovi, CR9; Mau-
remys caspica, CR10); CR11, South-eastern
European species (e.g. Eremias velox); CR12,
species from the Central Pyrenees (e.g. Ibero-
lacerta bonnali); and CR13, species occurring
in the north-western Iberian Peninsula (e.g. La-
certa schreiberi).
These distribution types were partly but not
fully congruent with those published for a more
limited study area (i.e. the Iberian Peninsula;
Sillero et al., 2009). The discordances can be
explained by a higher number of species in-
cluded in the present analysis, a larger size of
the study area, and a different spatial resolution
of the grid. As Europe holds more species and is
considerably larger than the Iberian Peninsula,
the resulting main distribution types at least
partially included the Iberian distribution types.
The definition and interpretation of distribution
types is always relative and strongly depends on
the study area.
The distribution types defined in this work for
European amphibians and reptiles are not in full
agreement with previous biogeographical clas-
sifications, because our classification was based
on the distribution of species (always incom-
plete) and not on environmental data (Bunce et
al., 2002) or distribution data from herpetolog-
ical guide books (e.g. range polygons on con-
tinental maps; Rueda, Rodríguez and Hawkins,
2010). Bunce et al. (2002) defined 59 environ-
mental classes based in a grid square of 0.5 min
(i.e. ca. 55 km). As Bunce et al. (2002) did
not provide a hierarchical tree of environmental
classes, only some of these classes had corre-
spondence with our distribution types (e.g. CR6
and CR13). Rueda, Rodríguez and Hawkins
(2010) identified respectively seven and eight
biogeographical regions for amphibians and
reptiles in Europe. In the case of amphibians,
Rueda, Rodríguez and Hawkins (2010) clus-
tered the distribution types CA8 and CA9 in one
single region. In reptiles, the distribution types
including species for the three Mediterranean
peninsulas (CR4 and CR7) are also considered
by Rueda, Rodríguez and Hawkins (2010). No
widespread species (e.g. Bufo bufo or Vipera
berus) fit in any of the regions identified by
Bunce et al. (2002) or Rueda, Rodríguez and
Hawkins (2010).
Taxonomic and mapping gaps of knowledge
About ten species-level units in our analysis
are characterised by taxonomic uncertainty or
by difficulties in species identification; some
of these are (or might be) composed of dif-
ferent taxa (see footnotes in table 3). Particu-
lar taxonomic efforts are needed to clarify both
the status and the precise distribution limits
of the Bufo viridis complex (balearicus, vari-
abilis, viridis), the Hyla arborea complex (H.
arborea, H. molleri, and H. orientalis), Iberian
Pelodytes (P. ibericus, P. punctatus, and two
yet undescribed candidate species), the Anguis
fragilis complex (A. colchica, A. graeca, A.
fragilis), and the Podarcis hispanicus complex
(P. hispanicus sensu lato, P. liolepis, P. vaucheri
and several undescribed candidate species). Fur-
thermore, in the following species complexes,
the precise distribution ranges of each species
need to be determined (preferably using ge-
netic methods; Joger et al., 2007) and the avail-
able records (and new future records) need
to be refined to distinguish between the dif-
ferent species: Triturus marmoratus/pygmaeus,
Triturus carnifex/cristatus/dobrogicus/karelinii/
macedonicus, Blanus cinereus/mariae, Psam-
modromus hispanicus complex (P. edward-
sianus, P. hispanicus, and P. occidentalis),
Vipera ursinii/renardi, and Zamenis longis-
simus/lineatus. This list of taxa in need of tax-
onomic and distributional revision is clearly
not exhaustive and was driven by the particu-
lar problems that we have identified while as-
sembling the distributional data sets. It is clear
that taxonomic revision is also needed in other
species of European amphibians and reptiles,
especially those in south-eastern Europe. In-
deed, even for the most studied complexes, such
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as the crested newts (Wielstra and Arntzen,
2011), reliably attributing all grid cells to ei-
ther of the newly recognized species within
the limits of distribution of the entire complex
turned out to be impossible. The issues identi-
fied here are particularly pressing, because they
often concern widespread species where clari-
fication of the exact distribution boundaries re-
quires intensive sampling.
Subtracting the number of species (amphib-
ians and reptiles merged) for each grid cell in
the 1997 European Atlas from the respective
value in our compilation yields a pattern reflect-
ing the overall increased coverage and mapping
intensity, especially in Western and Central Eu-
rope (fig. 6). However, in the new compilation a
lower overall number of species per grid cell is
present in some countries. This counter-intuitive
pattern is partly explained by the fact that for
some areas the 1997 European Atlas was based
on expert opinion about the occurrence of a
species in a grid cell (Gasc et al., 1997), and
underlying records were not available any more
for the new national atlases. Contemporary re-
gional and national atlases, on the contrary, typ-
ically only take fully documented records into
account. Moreover, we mainly compiled pub-
lished data. Therefore, our compilation lacks all
chorological information in personal databases
or journals not available to us. For those coun-
tries where new national mapping data exist we
excluded the SEH/GBIF database records from
our compilation, therefore for countries such
as Greece and Ukraine the current compilation
contains fewer grid cell records which however
are better documented than those in the 1997
European Atlas. In general, south-eastern Eu-
rope concentrates a high species richness espe-
cially of reptiles, but many countries in this area
lack national atlases. Future efforts should be
targeted to encourage and support national map-
ping efforts in this region. In addition, a Euro-
pean initiative might be useful to set up a map-
ping campaign to fill in these crucial distribu-
tional gaps.
Conclusions and future tasks: the
distributed database network system
Distribution maps are ephemeral products in
constant need for updating. Therefore, the most
important part of a chorological atlas is its
database, which should be operative for a long
time. For this reason, the SEH Mapping Com-
mittee decided to implement a system of dis-
tributed online databases, as this is the only so-
lution to avoid problems of data duplication and
actualisation, and to ensure that the owners of
each sub-database maintain the control over its
administration. The first prototype of this sys-
tem is ready (see Sillero et al., 2014). In the near
future, we hope the system might connect the
databases of each European country.
An important future aspect will be to stan-
dardise the date of each record in each of
the national databases as well as in the SEH
database (see also Denoël, 2012). At present,
precise dates of observation are provided for
each record in some of the databases, but com-
pletely lacking in others. Furthermore, histori-
cal records often lack any precise date. A sys-
tem of minimum date (at least year) for each
record needs to be implemented to allow query-
ing the databases for possible changes in species
range, e.g. in the context of both climate change
and land cover use, and accurate dates would
even allow evaluating phenological changes.
This would imply to have multiple records for
each cell grids when data are available for sev-
eral years for instance.
One major problem cannot be solved by the
distributed database system, namely the lack
of funding and personnel in many countries
to set up a national database, collect mapping
data, validate each record, and feed them into
the system. It therefore will be important to
activate also other sources from which these
data could be obtained. Distribution mapping
and species monitoring are research fields with
a well-developed tradition of citizen science
contribution. In many countries of central and
northern Europe, the bulk of amphibian and
reptile distribution data are collected by volun-
26 N. Sillero et al.
Figure 6. Differences in species richness of all non-introduced species of European amphibians and reptiles between this
compilation and the 1997 European Atlas (Gasc et al., 1997).
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teers, many of which do not hold biology de-
grees and are not professionally working as her-
petologists. We feel that activating such vol-
unteering work especially in southern coun-
tries, and among tourists visiting these coun-
tries, should be an important resource to fill
mapping gaps (Bonardi et al., 2011). Provid-
ing a common platform to enter such observa-
tions, accompanied by photographic documen-
tation, will be a step to achieve this goal, if
coupled with a functional and robust validation
procedure. Such an online platform for enter-
ing data will be provided by the SEH on-
line database system. However, major chal-
lenges remain, such as integration with other
systems like iNaturalist (www.inaturalist.org),
Observado.org (www.observado.org), or Tel-
mee (www.telmee.nl), the feedback of the cen-
trally collected data into the national databases,
and especially, the review and scientific valida-
tion process before the contributed data are in-
cluded in these databases (Boakes et al., 2010;
Bonter and Cooper, 2012; Ficetola et al., 2013).
An important point is also that each national or
local database should use the same taxonomic
list. Finally, there is a large variation of resolu-
tion between distribution atlases: although some
use point coordinates, others provide only large
areas. At the current stage, the grid size resolu-
tion of 50 × 50 km reduces this problem, but in
the long term, the realisation of more detailed
maps would require the centralization of highly
detailed data from each database.
In summary, the data presented here pro-
vide a first, tentative step towards an interac-
tive, dynamic and distributed database of the
spatial distribution of European amphibians and
reptiles. The grid maps of all species made
available along with this paper will facilitate
conservation-related studies and actions, and
will inform and guide further activities to im-
prove and complete the database. However, it
should be kept in mind that they are currently
dependent on availability of digital databases,
and not only on species presence or even on
current knowledge on species distribution. Find-
ing ways to gather all species occurrence data
available in Europe is a major challenge for
the future. Integrating the temporal dimension
and measures of spatial uncertainty to all point
records in the original databases is another nec-
essary improvement to allow detailed modelling
of the impacts of land use and climate change,
and we call for concerted and varied efforts to
fill the geographic and taxonomic gaps identi-
fied.
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